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Community composition, population structure and phylogeny of 
coastal sympagic meiofauna in eastern Svalbard 
 
Magnus Heide Andreasen  
 
Abstract Coastal sea ice communities constitute a highly vulnerable yet little investigated part of 
the Arctic ecosystem. A better understanding of the Arctic sea ice ecosystem will aid in more 
accurate predictions of the ecological response to current climate change. Sea ice communities 
comprise microalgae and meiofauna (20-500 μm) important to the existence and functioning of 
higher trophic levels. The response of sea ice-associated (sympagic) algae and meiofauna to cur-
rent physical alterations in the Arctic will thus expectedly have ecosystem-wide consequences. 
Fundamental to the understanding of any ecosystem is knowledge on its taxa composition, species 
diversity and species functioning. This study investigated the community composition, population 
structure and phylogeny of coastal sympagic meiofauna in an unexplored region of eastern Sval-
bard in March and April 2018. Ice cores were extracted for sympagic and pelagic meiofauna, chlo-
rophyll a and physical variables in Inglefieldbukta and Agardhbukta. Microscope photography 
was applied to explore the size, feeding and reproduction of polychaetes and nematodes. Further, 
molecular barcoding aided in identifying sympagic polychaetes and nematodes from three addi-
tional locations around Svalbard. Integrated sympagic meiofauna abundances ranged from 0 to 22 
900 individuals m-2 with the most abundant and diverse communities occurring in April. Use of 
sea ice for overwintering, growth and reproduction was implied for nematodes, while polychaetes 
occurred only as feeding juveniles. Molecular analysis indicated the presence of two polychaete 
species not yet considered to be sympagic, Melaenis loveni and a Spio sp., and at least two nema-
tode species not priorly described from Svalbard sea ice. The finding of M. loveni challenges the 
presumption of Scolelepis squamata as the resident sympagic polychaete in Svalbard. The nema-
todes collected in this study likely provide the first molecular evidence for Theristus melnikovi and 
possibly the first sign of an Arctic sympagic species within the genus Halomonhystera. The above 
findings suggest eastern Svalbard to be a particular interesting area to conduct more extensive 
studies on the poorly known sympagic meiofauna and their fate in a melting Arctic.   
 





The Arctic Ocean constitutes an area of high scientific, political and socioeconomic interest owing 
to its rapid physical transformation. Most apparent is the rapid decrease of sea ice (Notz and 
Stroeve 2016; Stroeve and Notz 2018); yielding imminent opportunities for shipping (Dimitrios 
and Baxevani 2018), tourism (Dawson et al. 2016) and oil and gas exploration (ACIA 2004). The 
effects of decreasing sea ice on the relative abundance, life-history and diversity of Arctic biota 
are complex and little understood (Wassmann et al. 2011). It is evident that Arctic megafauna, e.g. 
polar bears (Ursus maritimus), walrus (Odobenus rosmarus) and ringed seal (Pusa hispida) are 
vital in ecosystem functioning and in the preservation of high-Arctic culture (George et al. 2004). 
However, 72 to 100% of polar bear diet is traceable to sympagic (= sea ice-associated) primary 
production (Brown et al. 2018). Investigating the lower sympagic trophic levels is thus a vital step 
in understanding the dynamics of the Arctic Ocean’s ecosystem. 
     In sympagic communities, autotrophic protists, especially diatoms (Bacillariophyceae), to-
gether with bacteria make up the lowest trophic level, followed by metazoans mostly in the size 
range defining meiofauna; 20-500 μm (Bluhm et al. 2018). In Arctic sea ice, polychaete juveniles, 
nematodes, rotifers and ciliates are common inhabitants of the inner matrix of brine channels 
(Legendre et al. 1992; Gradinger 1999; Marquardt et al. 2011; Pitusi 2016). In addition, the inter-
phase between sea ice and seawater is inhabited by ice amphipods, e.g. Onismus nanseni and 
Apherusa glacialis, and copepods of all life stages (Bradstreet and Cross 1982; Lønne and 
Gulliksen 1989; David et al. 2015, 2016, Kohlbach et al. 2016, 2017) with several other phyla 
represented although typically in low abundances (Werner 2005). The trophic dynamics of 
sympagic meiofauna remain largely unresolved. Repeated findings of low grazing pressure on 
sympagic algae (Gradinger 1999; Nozais et al. 2001; Michel et al. 2002; Gradinger et al. 2005) 
and occurrence of both carnivory, omnivory and cannibalism indicate that the sympagic ecosystem 
is highly complex (Kramer 2010). Sympagic meiofauna communities are structured by the age 
(Lønne and Gulliksen 1991a, b; Kiko et al. 2017), location (van Leeuwe et al. 2018) and type of 
sea ice, i.e. pack vs. fast ice (Marquardt et al. 2011) as well as connectivity with the pelagic and 
benthic realm. Hence, sympagic communities in shallow coastal areas exhibit a closer resemblance 
with benthic communities compared to sympagic communities overlying deep water (Bluhm et al. 
2018). Distinct physical requirements exist in the matrix of brine channels inhabited by sympagic 
biota; temperatures below 40 °C and salinities fluctuating between 0 and above 100 (Ewert and 
Deming 2013). Moreover, biological processes; dispersal (Kiko et al. 2017) and competition 
(Krembs et al. 2000) shape sympagic communities at various spatial and temporal scales.  
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     Logistic constrains associated with investigating sea ice systems limit studies of high temporal 
and spatial resolution, e.g. those examining life history patterns. While some sympagic meiofauna, 
autochthonous meiofauna, rely on sea ice throughout their entire life history, other, inter alia pol-
ychaete juveniles, utilize sea ice only temporarily; allochtonous meiofauna (Legendre et al. 1992; 
Thomas and Dieckmann 2009). In seasonal ice, sympagic communities consequently comprise 
allochtonous fauna that rely on annual incorporation into sea ice. The debate about to what extent 
sea ice colonization is coincidental or a matter of adaption is however still ongoing for some taxa 
(Spindler and Dieckmann 1986; Krembs et al. 2000; Chresten et al. 2016). Still, for highly motile 
taxa; nematodes, and polychaete juveniles, sea ice provides an attractive habitat periodically rich 
on algal and bacterial production (McConnell et al. 2012) supporting intentional colonization.  
     Polychaetes constitute a taxonomically and functionally diverse (Barnes and Fauchald 1979; 
Snelgrove 1997; Hutchings 1998) paraphyletic group with 14 000  recognized species (Rouse and 
Pleijel 2006). However, phylogeny of polychaetes remains unresolved (Rousset et al. 2007) largely 
owing to complications associated with identification (Bleidorn et al. 2003; Eklöf 2010). With 
molecular technology advances, the traditional belief of numerous polychaetes species being cos-
mopolitans has been challenged by continued findings of greater diversity (Bhaud and Petti 2001; 
Bhaud et al. 2006; Bleidorn et al. 2006; Scarpa et al. 2016; Hutchings and Kupriyanova 2018). 
Through identifying species-specific molecular sequences, ‘barcodes’, organisms can be identified 
without the need of morphological identification (Hebert et al. 2003; Blaxter 2004). In Antarctica, 
benthic meiofaunal diversity increased substantially when using barcoding despite reference data 
being lacking for most sequences (Fonseca et al. 2017). The finding of Fonseca et al. (2017) un-
derlines the methodological prerequisite of establishment of high-quality sequences linked to 
voucher species accessible in public gene libraries, such as the Barcode of Life (Ratnasingham and 
Herbert 2007) and Genbank (Benson et al. 2013). Sympagic polychaete taxonomy still largely 
relies on morphological identification (McConnell et al. 2012) with Scolelepis squamata repre-
senting the only known sympagic polychaete (Carey 1985; Grainger et al. 1985). 
     Nematodes have, despite limited dispersal capacity, adapted to inhabit most environments, i.e. 
soils (Nicholas 1975), beaches (Hua et al. 2016), marine sediments (Fonseca et al. 2017), the pe-
lagic realm (Tchesunov and Portnova 2015), multiple animal hosts as a parasite (Leung and 
Koprivnikar 2016), and sea ice (Tchesunov and Riemann 1995). Life histories of nematodes are 
highly diverse with longevity ranging between 3 days and 15 years (Gems and Riddle 2000), mul-
tiple reproductive strategies, i.e. ovipari and ovivipari (Gerlach and Schrage 1971), variable diets 
and flexible timing of egg cleavage (Chitwood and Murphy 1964). Romeyn and Bouwman (1983) 
identified nematodes’ burrowing capacity, high tolerance to environmental stress and 
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diversification in buccal structure as characters explaining their dominance. Although often re-
ported in a benthic context, nematodes frequently dominate sea ice communities too (Carey 1982; 
Grainger et al. 1985) with densities above 232.000 m-2 (Bluhm et al. 2018). At present, four nem-
atodes are considered sympagic: Theristus melnikovi (Tchesunov 1986, in Russian), Cryonema 
crassum, C. tenue (Tchesunov and Riemann 1995) and Hieminema obliquorum (Riemann and 
Sime-Ngando 1997; Tchesunov and Portnova 2005). Their life cycles, however, remain conspic-
uous as they are yet to be registered in the benthic or pelagic realm (Tchesunov and Portnova 2003, 
2005). In addition, three to four species within the Monhysteridae family remain unidentified from 
investigations in the White Sea (Tchesunov and Portnova 2003) and the Canadian Arctic (Riemann 
and Sime-Ngando 1997). A single Halomonhystera glaciei represents the only registration of nem-
atodes in Antarctic sea ice (Blome and Riemann 1999). Sympagic nematode distribution and abun-
dance is little known as expert taxonomist are required to distinguish morphological characteris-
tics; sometimes at the scale beyond that of light microscopy (Coomans 2002; De Ley et al. 2005). 
However, as for polychaetes, molecular markers have proven useful in identification of nematodes 
(Avó et al. 2017; Fonseca et al. 2017). Still, phylogenetic analysis remains a challenging task for 
a cosmopolitan taxon with high genetic diversity within small spatial scales (Derycke et al. 2005, 
2006). In 2017 (Avó et al. 2017), 1020 sequences existed for the 18S rRNA barcode (Bhadury et 
al. 2006; Creer et al. 2010; Porazinska et al. 2010) and 281 for the cytochrome c oxidase subunit I 
(COI) with no sympagic nematodes represented. While 18S rRNA remains the preferred barcode 
for nematodes, COI represents the most applied for polychaetes (Rice et al. 2008; Olson et al. 
2009; Barroso et al. 2010; Nygren and Pleijel 2010). Based on the morphological complexity and 
incomplete sequence libraries, it is evident that sympagic nematode and polychaete diversity and 
phylogeny remains unresolved.  
     Phenetic plasticity, functional diversity and species richness determine ecosystem resilience 
(Oliver et al. 2015; Thomsen et al. 2019). Investigating coastal sympagic meiofauna communities’ 
taxonomical diversity, phylogeny and respective life histories is thus vital in predicting the eco-
logical implications of current physical alterations in the Arctic. Equally relevant, e.g. for incor-
poration into ecosystem models (Jin et al. 2006), is the establishment of baseline knowledge on 
coastal sympagic ecosystem community composition and their relation to the physical environ-
ment. Svalbard is of scientific interest due to the close physical resemblance of its coasts with 
those of other high-Arctic systems, i.e. Greenland (Madsen 1936; Petersen 1962) and Baffin Island 
(Ellis 1955; Ellis and Wilce 1961), as well as its well-established scientific and logistic facilities 
representing 45 nations (UNIS 2017). To date, most biological investigations have been conducted 
in western Svalbard (Kedra et al. 2013; Lowther et al. 2017; Bluhm et al. 2018; Daase et al. 2018) 
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and thus knowledge on marine biodiversity and community composition in eastern Svalbard is still 
poor (but see Szymelfenig et al. 1997; Schünemann 2004; Werner 2005) 
     This study represents the first effort to assess the composition of the coastal sympagic meio-
fauna community in eastern Svalbard. Length measurements on polychaetes and nematodes were 
applied to explore population structure. Finally, molecular analysis aided in investigating the di-
versity and phylogeny of polychaetes and nematodes based on samples from five locations around 
Svalbard.  
 




Samples for sympagic meiofauna and chlorophyll a (hereafter Chl a), physical variables, length 
measurements and phylogeny were collected in Inglefieldbukta and Agardhbukta (Fig. 1) in spring 
2018. In addition, samples for phylogenetic reference were collected in Wahlenbergfjorden and 
Palanderbukta in north-eastern Svalbard. Nematodes and polychaetes collected from Van Mi-
jenfjorden in 2017 (c.f. Pitusi 2019) were also included to represent a temporally, spatially and 
physically distant reference group (Appendix 1). For a description of Wahlenbergfjorden, Palan-
derbukta and Van Mijenfjorden, see Appendix 2 and 3. Inglefieldbukta is situated at the joint 
mouth of the glaciers Inglefieldbreen and Nordsysselbreen and constitute the 2.5 km wide and long 










Figure 1. Sampling stations in Inglefieldbukta (A; IB) and Agardhbukta (B; AGA) in eastern Svalbard, Norway.  
 
    The first bathymetric data in Inglefieldbukta were collected as a part of this study. The depth 
transect indicated the presence of a basin with a sill depth of approximately 9 m towards east and 
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a maximum depth of 32 m closest to the glacial mouth. In Storfjorden, fast-ice cover is extensive 
during winter (see sea ice charts in Appendix 4) with sea ice production occurring mostly in po-
lynyas northeast of Inglefieldbukta (Haarpaintner et al. 2001). Agardhbukta is situated 7 km north 
of Inglefieldbukta. Here, the valley Agardhdalen constitutes a large catchment area for runoff from 
several inland glaciers, rivers and streams, whose cumulative runoff terminates into the 8 km wide 
and 5 km long Agardhbukta. Hence, the two investigated sites differ in size and influence of glacial 
versus riverine runoff. In Inglefieldbukta, one shallow (4 m) and one deep (32 m) station was 
investigated in both March and April, whereas in Agardh only one station was investigated in April 
(AGA; 42 m). While the shallow station in Inglefieldbukta (IB1) was at the same location in March 
and April, the deep station was situated 200 meters apart. In March, the deep station (IB2) was 
ridge-free, whereas in April (IB3), the deep station had glacial ice incorporated into the sea ice.  
 
The physical environment 
 
To examine the physical environment of the sea ice, one core was extracted for temperature and 
another for salinity at each station. Cores extracted for temperature were measured (VWR Trace-
able Digital Thermometer) at the core’s centre after drilling in 0.5 cm from below and at 1, 2, 3, 5 
and 15 cm perpendicularly, continuing at 10 cm intervals to the top of the core. The salinity core 
was sectioned from 0-1, 1-2, 2-3, 3-10, 10-20 cm, continuing with 10 cm sections until the top of 
the core. Salinity sections were transferred into ziplock bags and thawed at room temperature for 
consequent analysis using a conductivity sensormeter (VWR Symphony SP90M5). Brine salinity 
(Sbrine) and brine volume (Vbrine) was calculated based on bulk ice salinity (Sice) and ice temperature 







     For all extracted cores, snow was cleared in a 10 cm perimeter around the hole followed by 
measures of snow depth (average of three measurements), free-board and ice thickness. To assess 
the topology of the area surrounding the sampling stations, aerial photography (DJI Phantom 4 
Advanced, DJI, China) was applied in April in both Agardhbukta and Inglefieldbukta (Appendix 
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5). Further, at all stations in both March and April, an underwater camera (GoPro HERO 4 Black, 
GoPro Inc., U.S.A.) was used to assess the sub-ice structure.  
 
Chlorophyll a  
 
At each station, ice algal biomass was determined by sampling three sea ice cores divided into 
sections as described above for salinity, although with further care taken to avoid irradiance and 
drainage. For every 1 cm of sea ice core, 100 ml of filtered sea water (0.7 μm) was added to the 
ziplock bags to avoid osmotic shock (Garrison and Buck 1986; Spindler and Dieckmann 1986) 
when slowly being thawed in darkness at +4 °C. Prior to filtration, each ice sections total volume 
was measured, and total Chl a obtained by pump-filtering samples in triplicates of 10 – 1120 ml 
using 0.7 μm Whatman GF/F glass fibre filters (Whatman, England). Pelagic Chl a biomass (phy-
toplankton biomass), was estimated by filtering 500 ml triplicate subsamples from Niskin bottle 
water samples at 3 m at IB2, at 1, 5 and 15 m at IB3 and in addition at 37 m at AGA. Total Chl a 
was stored in 10 ml 100% methanol in darkness for 24 hours at +4 °C (Holm-Hansen and Riemann 
1978) and fluorescence were measured using an F10-AU Fluorometer (Turner Design, USA). 
Samples were diluted in 100% methanol when Chl a content exceeded maximum reading value. 
Two drops of 5% HCl were added to every sample to account for phaeopigments. Only Chl a 




As for Chl a, three sea ice cores were collected and processed per section (0-1, 1-2, 2-3, 3-10, 10-
20 cm, continuing throughout the core in 10 cm sections) for examination of meiofauna commu-
nities. After slowly thawing sea ice samples in darkness at +4 °C, total sample volume was rec-
orded and the sample was further filtered through a 20 μm sieve, counted, identified visually to 
lowest possible taxonomical level and photographed (Sony Handycam, SONY CO., U.S.A.) 
through a stereomicroscope (Leica Wild M3B, 1.6 – 11.5x magnification). Ciliates were only dis-
played when the quantification procedure followed that of the remaining groups; polychaetes, 
nematodes, trochophores, rotifers, eggs and unidentified (Fig. 4). All nematodes and polychaetes 
were isolated from samples and placed in individual Eppendorf tubes (1.5 mL, Eppendorf, Ger-
many) containing 96% EtOH for subsequent phylogenetic analysis. All counts were converted into 
individuals per m2 by averaging triplicates per section and integrating over the core. Only the lower 














al. (2018), although with a lower ice-water density conversion factor (C; 0.93) considered suitable 
for first-year sea ice, following Timco and Frederking (1996) (Eq. 3). The abbreviations h, n and 
V refer to height of the core (cm), number of individuals in a core section and volume filtered (ml), 
respectively. To integrate the values, calculations followed Equation 4.  
 
             Eq. 3 
 
            
             Eq. 4 
 
 
     The non-parametric Spearman rank correlation test (Spearman 1904) was applied to explore 
the relationships between sympagic meiofauna abundance and sympagic Chl a concentration as 




To investigate the physics of the water column; conductivity, temperature, density and fluores-
cence was measured in the water column using a handheld CTD (SAIV A/S, Norway) and fluo-
rometer from a hole within a 10-meter perimeter of the sea ice samples. Irradiance was measured 
from a separate hole using a LI-192 quantum sensor (LI-COR, Lincoln, USA) at 1-meter depth 





To examine the abundance of pelagic meiofauna, a 20 μm plankton net (HYDRO-BIOS, Germany) 
was hauled from the CTD hole and concentrated through a 20 μm sieve. At least two net samples 
were collected; one preserved in 70-80% ethanol and one in a 4% formalin-seawater solution buff-
ered with hexamine. In Inglefieldbukta and Agardhbukta, vertical net hauls to maximum depth 
with a safety margin of 3 m from the bottom and up were sampled with a towing speed of 0.3-0.4 
m s-1. In the laboratory, fixative solution was removed by sieving the samples through a 20 μm 
sieve and rinsed with filtered sea water (0.7 μm Whatman GF/F glass fibre filters) for 30 minutes. 
The entire sample was counted using a stereomicroscope (Leica Wild M3B, 1.6 – 11.5x 
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magnification) and taxa identified to lowest possible taxonomical level. Copepodite stages were 
not distinguished as the dominating meiofauna, e.g. nematodes and polychaetes juveniles, were 




Polychaetes and nematodes isolated for phylogenetic analysis were manually length-measured in 
ImageJ (Schindelin et al. 2012; Rueden et al. 2017) based on individual stereomicroscope (Leica 
Wild M3B, 1.6 – 11.5x magnification) photographs (Sony Handycam HD, Sony Inc.). A multiple 
regression model (Frasier 2015) was applied to examine the response in length on date (March to 
May) and site (Van Mijenfjorden versus east coast stations Inglefieldbukta and Agardhbukta). To 
do so, model requirements, i.e. multivariate normality, homoscedasticity and absence of multicol-
linearity were met (Ralph 2015) and interannual length variation assumed neglectable compared 
to the seasonal variation investigated here. Selection, construction and testing of the model is sum-
marized in Appendix 6.   
 
DNA extraction, PCR and purification 
 
DNA from polychaetes and nematodes was extracted using a commercial DNA extraction kit 
(Blood & Tissue Kit, QIAGEN). When DNA was not successfully isolated using the Blood & 
Tissue Kit, HotSHOT extraction was applied  (Truett et al. 2000).  To increase amplification suc-
cess of polychaetes, two primer combinations were applied in amplifying polychaete COI DNA, 
while one was applied for nematodes (Appendix 7). A DreamTaq cycle (Thermo Fisher Scientific) 
was applied for both nematodes and polychaetes (95 °C – 5 min, 37 x (95 °C – 1 min, 54 °C – 1 
min, 72 °C – 2 min), 4 °C – ∞). Following the recommendations of Leray and collaborators, a 
PlatiniumTaq touch down cycle (Korbie and Mattick 2008) was applied for polychaete individuals 
not yielding DNA through DreamTaq: 16 x (95 °C – 10 sec, 62 °C – 30 sec, (minus 2 °C for every 
2nd cycle); 72 °C – 60 sec), 25 x (95 °C – 10 sec, 46 °C – 30 sec, 72 °C – 5 min, 4 °C – ∞ (Leray 
et al. 2013). The amplification was checked for success through gel electrophoresis, and the prod-
ucts were cleaned using HigherPurity™ solid-phase reversible immobilization (SPRI) cleaning 
(Canvax, Córdoba, Spain). Finally, cleaned products were Sanger sequenced (Sanger et al. 1977; 




Bioinformatic analyses and phylogeny 
 
Retrieved sequences were trimmed and checked for chimeras. Bad quality reads of a reading qual-
ity <10 constituted maximum five bases per sequence and were neutralized in Geneious Prime 
(Biomatters Ltd.). Consensus sequences were created only in instances where both complimentary 
sequences were of high quality. Sequences were compared to NCBI’s database using BLAST. For 
polychaetes and nematodes, all available sequences of the most similar hits in BLAST were down-
loaded from NCBI’s GenBank and aligned in MEGA7’s MUSCLE software (Edgar 2004). Fol-
lowing alignment and end-trimming, trimmed sequences from this study were aligned. Lastly, out-
group sequences were aligned. For nematodes, Diplolaimella dievengatensis (Jacobs et al. 1990) 
was used as an outgroup following Tchesunov and Portnova (2015), while for polychaetes in In-
glefieldbukta, a polychaete known to inhabit sea ice in Canada (Grainger et al. 1985), Scolelepis 
squamata, was chosen. For polychaetes isolated from sea ice in Van Mijenfjorden, another out-
group comprised by species of the Bylgides genera was chosen owing to the genetic dissimilarity 
to the polychaetes in Inglefieldbukta (GBIF.org; 2019; Norlinder et al. 2012). Any sequence yield-
ing a length of less than 600 base pairs after alignment and trimming was discarded to retain ro-
bustness of the phylogenetic analysis. Consequently, the alignments were 632, 619 and 625 base 
pairs long for polychaetes in Inglefieldbukta and Van Mijenfjorden, and nematodes, respectively. 
Accession numbers for sequences included from reference studies are listed in Appendix 8.  
     To evaluate the most suitable evolutionary model supporting the phylogenetic analysis, 
MEGA7’s model selection tool was applied. The Hasegawa-Kishino-Yano model (Hasegawa et 
al. 1985) assuming 59% of sites to be evolutionary invariable yielded the lowest Bayesian Infor-
mation Criterion and was hence selected for the phylogenetic analysis of polychaetes. For nema-
todes, the Kimura 2-parameter model (Kimura 1980) assuming 45% of sites to be evolutionary 
invariable yielded the lowest Bayesian Information Criterion. To support the phylogenetic struc-
ture, maximum likelihood and maximum parsimony were applied in combination, both with 1000 
replications, using MEGA7 (Kumar et al. 2016). For polychaetes in Van Mijenfjorden, maximum 
likelihood and neighbour joining were applied since maximum parsimony performs best in anal-







Date Station n Snow depth Ice thickness Freeboard Skeleton layer
March 22nd IB1 8 2.8 ± 1.6 45.3 ± 1.8 3.2 ± 0.8 2.0 ± 1.5
March 23rd IB2 8 9.9 ± 2.4 44.4 ± 1.8 1.4 ± 1.1 1.8 ± 0.8
April 15th AGA 12 6.0 ± 4.3 62.0 ± 7.5 4.5 ± 1.9 0.9 ± 0.7
April 26th IB1 9 13.9 ± 1.8 67.0 ± 1.0 3.1 ± 0.2 1.1 ± 0.3
April 27th IB3 12 39.9 ± 1.0 86.5 ± 9.1 –0.7 ± 1.00 0.9 ± 0.3
Results 
 
The physical environment 
 
In Inglefieldbukta no glacial ice was observed in the nearby surroundings in March (radius = 100 
meter), whereas in April, the deep sampling station was highly influenced by glacial ice visible 
both from above and below the sea ice (Fig. 1; Appendix 5). No glacial ice was visible within a 
perimeter of 1000 m in Agardhbukta. However, the snow was unevenly distributed (Table 1). Both 
snow depth and ice thickness increased throughout the sampling period, while freeboard was over-
all similar (1.4 to 4.5 cm), albeit with a negative average at IB3 (Table 1).  
 
Table 1. Average (± SD) measures of physical parameters (cm) of the sea ice and snow in Inglefieldbukta (IB) and 






      
 
     Salinity, temperature, brine salinity and brine volume were investigated in vertical sea ice sec-
tions in Inglefieldbukta and Agardhbukta (Fig. 2). Salinity decreased the most within the lower 10 
centimetres. In April, sea ice was thicker, and thus these profiles were longer. In Inglefieldbukta 
in late March and Agardhbukta in mid-April, a slight increase in salinity was observed in the up-
permost sections, following a C-shape. Temperature profiles above 10 cm from the water varied 
markedly between March and April. In the lower 10 cm, however, temperature was similar across 
stations, sites and dates. As a direct function of sea ice temperature (Eq. 1), brine salinity displays 
a reverse profile with maxima occurring at the top. Conversely, brine volume decreased towards 



































































Figure 2. Vertical sea ice profiles of salinity, temperature, brine salinity and brine volume in Inglefieldbukta (shallow 
station: IB1 and deep stations: IB2, IB3) in March and April and Agardhbukta (AGA) in April 2018. The dashed line 
marks the 5% theoretical minima in brine volume for meiofauna to occur (Golden et al. 1998).  
 
 
Although not visible from the extracted salinity cores or quantified otherwise, glacial ice was 
visible in >50% of cores extracted at IB3. No cores were solely constituted by glacial ice. 
 
Hydrography and chlorophyll a 
 
A CTD with a fluorometer attached yielded substantially different profiles in Inglefieldbukta in 
March (IB2) and April (IB3). However, the ~10 psu lower salinity and hence density in March is 
considered an instrument error. In both months, no pycnocline was present and fluorometry was 

























Figure 3. CTD and fluorescence profiles in Inglefieldbukta in March (left) and April (right) at deep stations IB2 and 
IB3, respectively.  
     Irradiance measured vertically from surface until lowest reading value resulted in maxima of 
0.0138 and 0.0007 μmol s
-1
 m
-2 for IB2 and IB3, respectively, followed by a similar extinction 
coefficient (k) of –0.08. In Agardhbukta, the maximum irradiance was 0.0080 μmol s
-1
 m
-2 and the 
extinction coefficient –0.05. 
      In March, average integrated Chl a concentration in sea ice was low; 0.51 mg Chl a m-2 at IB1 
and 0.07 mg Chl a m-2 at IB2. In April, the sea ice Chl a biomass had increased at IB1 (2.90 mg 
Chl a m-2), while at IB3 in April, average concentration was 0.01 mg Chl a m-2. Chl a peaked in 
Agardhbukta in April with 6.31 mg Chl a m-2. In the water column at IB2 in March, the concen-
tration of Chl a was on average 0.06 ± 0.06 μg Chl a L-1 at 3 m and at IB3 in April 0.08 ± 0.002 
μg Chl a L-1 at 1, 5 and 15 meters. In Agardhbukta at 1, 5, 15 and 37 m, the Chl a concentration 
was low; on average 0.02 ± 0.006 μg Chl a L-1. At all investigated stations, the sea ice algae 
communities were dominated by the pennate diatom Nitzschia frigida (Appendix 9). In In-
glefieldbukta in March, the centric cold-water diatom Melosira arctica was observed in long 








Of the total 15 cores with each lower four sections (0-10 cm) investigated, 60% of the sections 
contained meiofauna yielding integrated abundances between 390 and 22 900 individuals m-2 in 


















Figure 4. Integrated total and relative abundance of sympagic meiofauna in Inglefieldbukta (IB) and Agardhbukta 
(AGA) in eastern Svalbard, spring 2018. Poly. juv. = polychaete juvenile, Troch. larv. = trochophore larvae, Unident. 
= unidentified.  
 
In March, especially at IB2, meiofauna communities were dominated by nematodes. However, in 
April, polychaetes, eggs and unidentified dominated IB1 while only nematodes and ciliates were 
registered at IB3. In Agardhbukta, eggs and polychaetes dominated followed by trochophores and 
rotifers. Ciliates were not quantified in March, but present at all stations in April. Eggs were reg-







Chlorophyll a and sympagic meiofauna  
 
A significant positive relationship (Spearman rank correlation, r = 0.56, p < 0.01) was found 
between meiofauna abundance and Chl a concentration. However, the relationship was highly 
variable both within and between sites and sections (Fig. 5) and did not account for nematodes 
alone (p>0.1). Sympagic meiofauna abundance and Chl a concentration did not respond signifi-
cantly to distance from sea ice-water interphase (p > 0.1), but both responded negatively to snow 
















Figure 5. Sympagic meiofauna abundance (mean+SD; n = 3) and sympagic chlorophyll a (mean+SD; n = 3) in the 
lower 10 cm sections in Inglefieldbukta (IB1-3) and Agardhbukta (AGA) in eastern Svalbard, 2018. Poly. juv. = 





In Inglefieldbukta in March, 42 nematodes m-2 and one polychaete m-2 were registered in the water 
column at IB2, while in April, neither of the taxa were found despite two additional samples taken. 
Copepod nauplii dominated pelagic communities by accounting for 71% and 37% of the net mi-
crozooplankton community in March and April, respectively. In March, copepod nauplii, nema-
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most numerous. The number of registered taxa increased from six to ten from March to April 




Length of sympagic polychaetes found in sea ice increased significantly (ANCOVA; p < 0.001) 
throughout the season in both Van Mijenfjorden (n = 60), Inglefieldbukta (n = 52) and 
Agardhbukta (n = 9) with no significant difference in response between sites (ANCOVA test for 
comparison of regression line). The polychaetes in Van Mijenfjorden, however, were on average 
96.1 μm larger than polychaetes at both east coast stations in March (ANCOVA; p < 0.01). All 
polychaetes in Inglefieldbukta were observed feeding when algae were present. The multiple linear 
regression model including date and site (VMF: 1; IB; 0) as predictors explained 27.4% of the 
variance in polychaete length (Eq. 5). 
 
           Eq. 5 
 
     Nematodes occurred in the sea ice in Inglefieldbukta at both shallow and deep stations in both 
March and April, but not in Agardhbukta. The length ranged from 266.9 (IB1, April) to 2242.1 
μm (IB2, March). However, heteroscedasticity constrained modelling of nematodes. In Van Mi-
jenfjorden, nematodes were on average 684.41 μm larger than nematodes in Inglefieldbukta with 
size generally decreasing in response to time at both sites. Still, the spread in size increased 
throughout the season with both juveniles (<1700 μm; Tchesunov and Riemann 1995) and adults 
occurring simultaneously in late April in both Van Mijenfjorden and Inglefieldbukta. In In-
glefieldbukta (22nd of March 2018), 21 nematodes collected from the water column at IB2 were 
length measured. Compared to individuals measured in the overlying sea ice from the same day 
and station, the nematodes in the water were on average smaller (two-sample t-test; p<0.001) alt-
hough the size range of the pelagic nematodes (638.7 – 1527.4 μm) were encompassed within that 




Of the 63 polychaetes isolated from Inglefieldbukta for phylogenetic analysis, 10 polychaetes from 
IB1 in April were of good quality for further analysis, i.e. >620 base pairs, no gaps and high-















Spio sp. CMC01 (n = 5)






Spio sp. CMC02 (n = 7) 
Spio sp. CMC02 (n = 1)  
IB1A 10* (n = 1) 
Spio sp. CMC03 (n = 1)  
Spio sp. CMC02 (n = 1)  
IB1A 9* (n = 1) 
IB1A 1-8* (n = 8) 
Spio sp. CMC03 (n = 9) 
Scolelepis squamata (n = 5) 
Scolelepis squamata (n = 1) 
2011) were aligned for reference.  Maximum likelihood and maximum parsimony analyses re-
vealed a similar clustering by outlining three clades indicated Clade 1, 2 and 3 in Figure 6. Six 
polychaetes of the CMC01 strain constituted Clade 1, while Clade 3 was constituted by 10 poly-
chaetes of the CMC03 strain. The 10 polychaetes analysed in this study all grouped with the 


















Figure 6. Phylogenetic tree based on maximum likelihood (bold bootstrap values) and maximum parsimony (grey 
bootstrap values) on 10 polychaetes from Inglefieldbukta in April and 25 polychaetes from the Canadian Arctic. Ac-
cession numbers are available in Appendix 8 and reference names in Appendix 12. *Sequences from this study. 
 Polychaetes isolated from Van Mijenfjorden in 2017 (n = 13) yielded three high quality sequences 
all genetically distant from polychaetes isolated from Inglefieldbukta. Hence, a separate molecular 
analysis including taxa of higher genetic similarity was done based on polychaete phylogeny sum-
marized in the Global Biodiversity Information Facility (GBIF.org; 2019). Sequences belonging 





















Bylgides sp. (n = 1) 
Bylgides groenlandicus (n = 1) 
E. oerstedi (n = 1)
E. spinnicirris (n = 1)
Eunoe. sp. (n = 1)
E. nodosa (n = 5)
Eunoe. sp. (n = 5)
VMF 1* (n = 1) 
VMF 2* (n = 1) 
VMF 3* (n = 1) 
Melaenis loveni (n = 1)
Bylgides macrolepidus (n = 1) 





















Figure 7. Phylogenetic tree based on maximum likelihood (bold bootstrap values) and neighbour joining (grey boot-
strap values) on three polychaetes from Van Mijenfjorden April 2017 and 18 reference sequences mostly from the 
Canadian Arctic, Chukchi Sea and Svalbard. Accession numbers are available in Appendix 8 and reference names in 
Appendix 12. *Analysed in this study with sequences from Pitusi et al. (2019).  
 
All polychaetes from Van Mijenfjorden places within Clade 2 together with a Melaenis loveni 
(Malmgren 1865) isolated from Svalbard waters, while Clade 1 is constituted by Eunoe spp. 
(Malmgren 1865).  
     Nematodes from IB1 (n = 1) and IB2 (n = 6) in March, Wahlenbergfjorden (WB) in May (n = 
2) and Palanderbukta (PAL) in June (n = 2) yielded high quality sequences for phylogenetic anal-
ysis. Combined with sequences from Van Mijenfjorden (n = 43; Pitusi 2019), the Håkon Mosby 
Mud Volcano (n = 5; HMMV; Van Campenhout et al. 2014) and the west coast of the Netherlands 
(n = 16; Van Campenhout et al. 2014), maximum likelihood and maximum parsimony revealed 
similar phylogenetic clustering (Fig. 8). The included voucher sequences from HMMV and the 
Netherlands represent, to my knowledge, the accessible high-quality sequences on the Halo-



































VMF** (n = 2)
Theristus ensifer (n = 1)  
Theristus acer (n = 1) 
Theristus sp. (n = 1) 
WB 1* (n = 1) 
WB 2* (n = 1) 
Diplolaimella  dievengatensis (n = 2)
GD3 (n = 4)
GD2.2 (n = 1)
GD5 (n = 1) 
HMMV (n = 5)
GD1 (n = 4)
PAL 1* (n = 1) 
PAL 2* (n = 1)
IB1M 1* (n = 1)
VMF 4-42** (n = 39)
IB2M 1* (n = 8)
VMF 43-44** (n = 2)
VMF 45** (n = 1)
GD4 (n = 5)






































Figure 8. Phylogenetic tree based on maximum likelihood (bold bootstrap values) and maximum parsimony (grey 
bootstrap values) on seven nematodes from Inglefieldbukta (IB1-2), two from Palanderbukta (PAL), 44 from Van 
Mijenfjorden (VMF), 20 from the Netherlands (GD1-5; Theristus) and five from the Håkon Mosby Mud Volcano 
(HMMV). Accession numbers are available in Appendix 8 and reference names in Appendix 12. * Sequences from 
this study, ** Sequences from Pitusi (2019).  
 
Three clades can be distinguished: Clade 1, 2 and 3. Clade 1 is constituted solely by individuals 
isolated from sea ice (IB1, IB2, PAL and VMF), while Clade 2 displays Halomonhystera disjuncta 
sequences isolated from sediments from the Netherlands (GD1-5) and Håkon Mosby Mud volcano 
(HMMV). Clade 3 is more distant to clade 1 and 2 and has a deeper branching containing a com-




The aim of this study was to determine the community composition of coastal sympagic meio-
fauna in eastern Svalbard. Further, the population structure of sympagic polychaetes and nema-
todes was examined based on registrations of eggs, concurrent sampling of the pelagic realm and 
length measurements with reference to sympagic communities in Van Mijenfjorden. To investi-
gate the diversity and phylogeny of polychaetes and nematodes, molecular barcoding was ap-
plied. We found coastal sympagic communities in March constituted by coexisting polychaete 
juveniles and nematodes at low overall abundances, i.e. ≤626 ind. m-2. In April, the sympagic 
communities were characterized by greater abundances, low coexistence of the two dominating 
phyla and the addition of trochophore larvae, rotifers and numerous eggs. Statistically significant 
increases in size and observations of feeding polychaetes implied that polychaete juveniles used 
the sympagic realm as a feeding ground, supporting earlier findings by Gradinger et al. (2009). 
Initial size increments, molecularly confirmed presence of eggs and later simultaneous occur-
rences of both adult and juvenile nematodes support that nematodes both feed, reproduce and 
raise juveniles inside the sea ice throughout the spring. While the habitat use appeared similar 
between polychaetes in Inglefieldbukta and Van Mijenfjorden, the species are seemingly differ-
ent. Hence, at least one species within the genus Spio inhabits the east coast, while Melaenis 
loveni inhabits the west coast. Similarly, size patterns of nematodes in Inglefieldbukta and Van 
Mijenfjorden resembled each other despite having at least two species in Van Mijenfjorden and 




Polychaetes and nematodes dominated the coastal sympagic community in Inglefieldbukta in 
March, albeit at relatively low abundances; 272-626 ind. m-2. Contrary to expectations, little dif-
ference was observed in abundance and taxa composition between the shallow (4 m; IB1) and deep 
(32 m; IB2/3) station in March. From March to April, total abundance increased from 8 635 to 22 
903 ind. m-2 at IB1, while the deep station (IB2) only increased slightly in abundance from March 
to April (IB3). Interestingly, Agardhbukta resembled the community of IB1, both with regards to 
abundance and community composition, but not IB3. Together, this underlines the substantial 
compositional variation typically observed within small spatial scales in sympagic meiofauna 
communities (Bluhm et al. 2018). The differences in depth (4 m versus 42 m), distance (15 km) 
and terrestrial input (glacier front versus river valley) encompassed here are likely too narrow to 
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explain the observed variation. Snow depth at IB3 was 39.9±1.0 cm; more than twice the thickness 





was one order of magnitude lower than at the adjacent stations. Hence, variation in snow depth 
and the associated irradiance and Chl a might explain the observed community variation, i.e. a 
polychaete-dominated community at IB1 and AGA in April and a community dominated by nem-
atodes and ciliates at IB3 in April. The availability of algae, here expressed as Chl a, shape 
sympagic meiofauna communities (Gradinger 1999; Schünemannn and Werner 2005) but is in 
turn rarely influenced by meiofaunal grazing (Gradinger 1999; Nozais et al. 2001; Michel et al. 
2002; Gradinger et al. 2005). Still, polychaete abundance responded positively to the concentration 
of Chl a, while nematodes did not. Hence, only ciliates and nematodes were registered at IB3 
where integrated Chl a was 0.01 mg Chl a m-2. By being bacterivorous, nematodes and ciliates do 
not depend on algae-based energy (Tchesunov and Riemann 1995; Kramer 2010) as it is implied 
from the simultaneous relatively high nematode and ciliate abundance and low Chl a concentration 
at the uppermost section at IB2 and IB3 (Fig. 5). The absence of algae likely influences sympagic 
nematodes and ciliates indirectly by not supporting polychaete juveniles and hereby increase sub-
strate availability and further directly by not competing with bacteria for inorganic nutrients (Ap-
pendix 13). Nematodes and ciliates are consequently potential important ecosystem components 
in coastal sympagic ecosystems where sympagic algae biomass is limited by low irradiance. 
     The presence of glacial ice inside the sea ice at the deep station in Inglefieldbukta in April (IB3; 
Appendix 5) provides an additional explanation for the low diversity and abundance of sympagic 
meiofauna here. Albeit not covered by salinity measurements herein, a lower brine volume is ex-
pected with the lower salinities of glacial ice (Golden et al. 1998; Krembs et al. 2000; Burton et 
al. 2018); consequently supressing the colonization and succession of sympagic biota. 
     A greater taxonomical richness and lower abundance was observed among the pelagic meio-
fauna at the deep stations with six and ten taxonomical groups in March (IB2) and April (IB3), 
compared to 4 and 6 in the sea ice, respectively. The finding of lower abundance of pelagic meio-
fauna are well in line with the concurrent low concentration of pelagic Chl a and follow findings 
in Storfjorden, north of Svalbard (Schünemann 2004) and in the Baltic Sea (Meiners et al. 2002). 
The lower diversity in the sympagic realm, compared to the pelagic realm, is likely a result of the 
strong selection for small, morphologically plastic taxa that can cope with the distinct physiochem-
istry of brine channels (Krembs et al. 2000). Only nematodes in March were simultaneously pre-
sent in the sympagic and pelagic realm; indicating a habitat specificity for the investigated 
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meiofauna throughout March and April. The ability to thrive in both realms likely increases the 
fitness and resilience of sympagic nematodes. 
 
Diversity of sympagic polychaetes and nematodes 
 
It is still unclear which and how many polychaete and nematode species inhabit the sea ice in 
Svalbard. Molecular analyses in this study show the presence of at least two polychaete species; 
Melaenis loveni in Van Mijenfjorden and at least one species within the genus Spio in In-
glefieldbukta. Both are, to my knowledge, new to the register of polychaetes inhabiting sea ice and 
challenge the presumption of Scolelepis squamata as the sole sea ice inhabitant in Svalbard. M. 
loveni is not new to the polychaete literature in Svalbard but has only been registered from the 
benthic environment, most recently by Norlinder et al. (2012) and initially by Wirén (1883) in Van 
Mijenfjorden during the Vega Expedition (1878-1879). Spio species have been described in the 
Arctic as early as 1776 (Müller 1776) and later by Schneider in 1977 (see Blum and Fong 2016). 
The sequences representing the Spio genera in this study originate from the Canadian Arctic (Carr 
et al. 2011) and represent the most genetically similar voucher genus available in GenBank 
(Benson et al. 2013). Expert taxonomists are required to establish voucher species for the poly-
chaetes analysed here. While a pan-Arctic distribution is known for several meiofauna (Carr et al. 
2011; Bluhm et al. 2018), it remains unknown if the same is true at the species level. It is thus 
intriguing to clarify the genetic similarity between the polychaetes collected in Svalbard and in 
Canada.  
     The sympagic nematodes analysed in this study constitute the first evidence of the sympagic 
nematode diversity in sea ice in Inglefieldbukta, Palanderbukta and Wahlenbergfjorden. Molecular 
analyses implied the presence of at least two species within separate genera; Theristus and another 
yet unknown genus with up to several species closely related to Halomonhystera disjuncta. 
Theristus melnikovi is known from sea ice in the Fram Strait, Laptev Sea and the Central Arctic 
Ocean (Tchesunov and Riemann 1995) but has not priorly been described for Svalbard. Here, a 
Theristus sp. occurred in Van Mijenfjorden in April (n = 2) and in Wahlenbergfjorden in May (n 
= 2); possibly adding to T. melnikovi’s apparent pan-Arctic distribution. Sea ice cover in Van 
Mijenfjorden and Wahlenbergfjorden is seasonal. Further, especially in Van Mijenfjorden, con-
nectivity with external sea ice communities is scarce. Therefore, the presumed finding of T. melni-
kovi in Van Mijenfjorden and Wahlenbergfjorden indicate a sympago-benthic life strategy. Occur-
rences of T. melnikovi inside sea ice over deep water (1000-3000 m) in the Central Arctic Ocean 
and Fram Strait (Tchesunov and Riemann 1995) can be explained by dispersal from neighboring 
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seed communities as has been suggested for sympagic algae (Kauko et al. 2018). While not iden-
tified to species level, nematodes within the Theristus genus have been observed in the benthos in 
the Laptev sea at depths from 65 m (Vanaverbeke et al. 1997). Hence, the Laptev Sea shelf pro-
vides shallow depths and polynyas potentially suitable for sea ice colonization and subsequent 
transpolar drift (Krumpen et al. 2019).  
     The unknown nematode genus’ occurrence in both Palanderbukta, Inglefieldbukta and Van Mi-
jenfjorden imply that at least two species coexist in the coastal sympagic communities in Svalbard. 
The sample size presented here is likely too scarce to cover the diversity of the respective sampling 
sites but provides a baseline for further sympagic meiofauna diversity studies in eastern Svalbard. 




Polychaetes and nematodes remain among the dominating meiofauna in coastal sympagic ecosys-
tems in the Arctic (Kern and Carey 1983; Grainger et al. 1985; Gradinger et al. 2009; Marquardt 
et al. 2011). It is therefore fundamental to establish a record of their diversity, distribution and 
ecosystem function if we are to understand their ecological significance in Arctic coastal ecosys-
tems. However, an extensive collection of voucher species created through close collaboration 
between molecular biologist and taxonomist is required followed by novel metagenetic ap-
proaches. This will aid in making currently challenging ecological questions more easily accessi-
ble, possibly through ecosystem-wide models (Zhang et al. 2010). To elucidate the life history of 
sympagic nematodes, future research should prioritize concurrent sampling of the pelagic and ben-
thic realm when investigating sympagic nematodes. Greater dependency of the sympagic realm 
will likely result in greater ramifications for both higher and lower tropic level, following the cur-
rent decline in sea ice extent. Hence, knowledge on habitat use and timing will aid in understanding 
and predicting the ecological response of sympagic nematodes in future climate scenarios. Further, 
exploring the generality of the influence of glacial ice incorporation, questioned in this study, can 
become useful when investigating coastal areas prone to glacial ice.  
     This study supports the use of Svalbard as a model area (CAFF 2017) with special emphasis on 
the eastern region investigated herein. The climate of the east coast resembles that of the more 
inaccessible high-Arctic; as underlined by the finding of the high-Arctic multiyear sea ice indicator 
species Melosira arctica in this study (Józef Wiktor, pers. communication). M. arctica relies on 
stability and is hence most prominent at the inner sections of ice sheets (Poulin and Michel 2014). 




This paper provided insight into the community composition, population structure and phylogeny 
of coastal sympagic meiofauna in eastern Svalbard. Communities in March were lowest in abun-
dance, i.e. ≤626 ind. m-2, and comprised polychaete juveniles, nematodes and nematode eggs. In 
Inglefield in April, taxonomic diversity, polychaete juvenile dominance and total sympagic meio-
fauna abundance increased at the shallow station reaching abundances up to 22 900 ind. m-2. The 
adjacent deep station comprised nematodes and ciliates. Snow depth and glacial ice most likely 
explains the observed variation in community composition between stations and dates. Observa-
tions of nematode size increments, molecular identification of nematode eggs and the subsequent 
presence of nematode juveniles imply that nematodes utilize the sympagic realm to feed, reproduce 
and raise juveniles. The presence of long chains of Melosira arctica confirms the relevance of the 
high-Arctic environment of eastern Svalbard as a model area for monitoring the response of 
sympagic ecosystems to diminishing sea ice. Finally, the addition of at least two meiofauna species 
new to sympagic literature implies that numerous discoveries await in eastern Svalbard for 
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Station Date Station depth (m) Pos °N Pos °E
IB1 22.03/26.04.18 4 77°53.255 18°16.227
IB2 23.03.18 32 77°53.453 18°14.302
IB3 27.04.18 32 77°53.282 18°13.768
AGA 15.04.18 42 78°00.580 18°34.426
Depth 1 23.03.18 24 77°53.453 18°14.302
Depth 2 23.03.18 28 77°53.660 18°15.566
Depth 3 23.03.18 17 77°53.767 18°16.409
Depth 4 23.03.18 13 77°53.844 18°17.101
Depth 5 23.03.18 9 77°53.909 18°17.815
Depth 6 23.03.18 10 77°53.988 18°18.553
Appendix 1. Station coordinates 
 
Table 1. Coordinates and depth of stations in Inglefieldbukta (IB) and Agardhbukta (AGA) along  
































Appendix 2. Site description of Wahlenbergfjorden and Palanderbukta with notes on  
methodology 
 
Wahlenbergfjorden is a 50 km long east-west directed fjord terminating to the Hinlopen Strait in 
northern Svalbard at 79°41 N 19°21 E. At the southern shore, 10 km from the fjord mouth, the 35 
km long Palanderbukta branches of in a northwest-southeast direction (Fig. 1). Depth maxima are 
290 m and 120 m for Wahlenbergfjorden and Palanderbukta, respectively, with exposed bedrock 





















Figure 1. Wahlenbergfjorden and Palanderbukta, northern Svalbard, with depth (HTR) and six sampling stations 
along the sea ice edge 18th of June 2018.  
 
Wahlenbergfjorden 
Sea ice pieces (volume not quantified) were collected from R/V Helmer Hansen, 5th of May 2018 
at 79°42.157’ N, 20°21.287’ E. Filtered sea water (0.7 μm) was added and samples were stored 
cold and dark until further analysis as described for sea ice cores in the main paper.  
 
Palanderbukta 
Three sea ice samples (~ 0.1 m3) were collected along the sea ice edge in Palanderbukta, 18th of 
June 2018. By the same locations, a 20 μm plankton net was hauled to 18 m once 10 meters per-
pendicular from the ice edge (Fig. 1). Depths measured using the echo sounder from M/S Spits-








Station Date n Time Station depth (m) Pos °N Pos °E
water1 18.06.18 1 14:00 – 15:00 – 79°34.427' 20°40.049'
ice1 18.06.18 1 14:00 – 15:00 – 79°34.423' 20°40.133'
water2 18.06.18 1 14:00 – 15:00 – 79°34.525' 20°40.170'
ice2 18.06.18 1 14:00 – 15:00 – 79°34.516' 20°40.250'
water3 18.06.18 1 14:00 – 15:00 – 79°34.705' 20°40.572'
ice3 18.06.18 1 14:00 – 15:00 – 79°34.693' 20°40.703'
HTR 18.06.18 – 17:40 69 79°34.474' 20°37.991'
 














































Appendix 3. Site description of Van Mijenfjorden  
 
Van Mijenfjorden is situated in western Svalbard at 78 °N 16 °E partially separated from the 
Atlantic influenced West Spitsbergen Current by Akseløya (Fig. 2). The fjord is 60 km long and 
on average 10 km wide with numerous glaciers and glacial rivers characterizing the coast. The 
bathymetry is characterized by two basins; an inner shallower of up to 74 m and an outer with 
depths up to 115 m. Moreover, the currently inactive coalmine Svea is located in the northeastern 
part. Compared to Agardhbukta and especially Inglefieldbukta, Van Mijenfjorden is subject to 
considerable motorized traffic, i.e. snow mobiles on sea ice and shores during spring, aviation 




















































































































Figure 1. Sea ice charts (02.01.18 – 15.06.18) from Storfjorden area displaying southeastern ice edge dynamics esti-
mated from satellite imagery (Norwegian Meteorological Institute). Bold dates represent dates of sampling.  
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Appendix 5. Field site photographs  
 
Aerial photography was applied when the snow and ice topography surrounding the station was 
not homogenous. In Agardhbukta, 15.04.18, a wave-like structure characterized the sea ice with 
consequences for the distribution of snow cover (Fig. 1). In Inglefieldbukta at IB3, 27.04.18, 
glacial ice was incorporated into the sea ice with implications for the topography and, most likely, 



















































Figure 2. Station (IB3) in Inglefieldbukta, 27.04.18, with visible glacial ice pieces in the nearby surroundings. 
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Appendix 6. Model selection, construction and testing 
 
A model was constructed for the following hypotheses: 
H0: Sympagic polychaete juvenile length does not differ from March to May in neither east 
Svalbard (Inglefieldbukta/Agardhbukta) or west Svalbard (Van Mijenfjorden) 
 
Variables 
Dependent: Continuous (sympagic polychaete juvenile length)  
Independent: Continuous (day number) and categorical (east Svalbard or west Svalbard)  
Model: Multiple linear regression (analysis of covariance, ANCOVA, in R; Eq. 1) 
 
         Eq. 1 
 
Assumptions 




- Tested against using the backward elimination method (Halinski and Feldt 1970)  
including the interaction term site:day number 
Autocorrelation 
- Both time (day number) and place (east or west) is included as independent variables in  
this model and considering temporal and spatial autocorrelation is consequently not  
relevant
Excluding important predictor variables 
- Multiple predictor variables should be included in future attempts to explain the pro-
cesses underlying polychaete growth, inter alia nutrient availability, temperature, salinity, 
competition for nutrients and space 
Power and sample size 
- The power of this model is limited by low temporal resolution and sample size. It should  




Testing of homoscedasticity, multicollinearity and normal distribution (Quantile-Quantile 









Primer ID Sequence Base pairs Target Reference 
polyLCO (F) GAYTATWTTCAACAAATCATAAAGATATTGG
polyHCO (R) TAMACTTCWGGGTGACCAAARAATCA
miCOlint F GGWACWGGWTGAACWGTWTAYCCYCC Leray et al. (2013)
jgHCO2190 TAIACYTCIGGRTGICCRAARAAYCA Geller et al. (2013)
MN18F CGCGAATRGCTCATTACAACAGC
Nem_18S_R CGCGAATRGCTCATTACAACAGC
Carr et al. (2011)





Appendix 7. Primer overview 
 
Table 1. Primers applied in molecular analyses of polychaetes (COI) and nematodes (18S rRNA) in this study. Base 

































Accession no. Description Origin Reference Gene
HM417792.1 Bylgides BOLD White Sea Carr, unpubl. COI
HQ024272.1 Bylgides groenlandicus Canadian Arctic Carr et al. 2011 COI
HM473329.1 Bylgides macrolepidus British Columbia Carr et al. 2011 COI
HQ024273.1 Bylgides promamme Canadian Arctic Carr et al. 2011 COI
HQ024300.1 Eunoe nodosa  CMC01 Canadian Arctic Carr et al. 2011 COI
HQ023873.1 Eunoe nodosa CMC02 Canadian Arctic Carr et al. 2011 COI
HQ023872.1 Eunoe nodosa CMC02 Canadian Arctic Carr et al. 2011 COI
HQ024302.1 Eunoe nodosa  CMC02 Canadian Arctic Carr et al. 2011 COI
HQ024301.1 Eunoe nodosa  CMC02 Canadian Arctic Carr et al. 2011 COI
HM473743.1 Eunoe oerstedi CMC01 Chukchi Sea Carr et al. 2011 COI
HM473742.1 Eunoe oerstedi CMC01 Chukchi Sea Carr et al. 2011 COI
HM473741.1 Eunoe oerstedi CMC01 Chukchi Sea Carr et al. 2011 COI
HM473740.1 Eunoe oerstedi CMC01 Chukchi Sea Carr et al. 2011 COI
HQ024020.1 Eunoe oerstedi CMC02 Canadian Arctic Carr et al. 2011 COI
MF121623.1 Eunoe sp. 11BIOAK Cook Inlet Carr, unpubl. COI
MF121462.1 Eunoe sp. 11BIOAK Cook Inlet Carr, unpubl. COI
MF121029.1 Eunoe sp. 11BIOAK Cook Inlet Carr, unpubl. COI
GU672348.1 Eunoe sp. BOLD Canadian Arctic Carr et al. 2011 COI
GU672336.1 Eunoe sp. BOLD Canadian Arctic Carr et al. 2011 COI
MH242753.1 Eunoe sp. FHL1 Washington Leray & Paulay, unpubl. COI
HM473744.1 Eunoe spinicirris Chukchi Sea Carr et al. 2011 COI
JN852936.1 Melaenis loveni Svalbard Norlinder et al. (2012) COI
Appendix 8. Accession numbers  
 
 
Sequences on Halomonhystera disjuncta (previously Geomonhystera disjuncta; GD; Bastian 
1865) are available in Van Campenhout et al. (2014; supplementary material).  
 
Table 1. Accession numbers for voucher polychaete species from NCBI’s GenBank included in phylogenetic  






















































Accession no. Description Origin Reference Gene
HM473680.1  Scolelepis squamata Vancouver Island Carr et al. 2011 COI
HM473679.1 Scolelepis squamata Vancouver Island Carr et al. 2011 COI
HQ932541.1 Scolelepis squamata Vancouver Island Jeffery et al., unpubl. COI
MF120984.1 Scolelepis squamata Gulf of Alaska Carr et al., unpubl. COI
MF121430.1 Scolelepis squamata Gulf of Alaska Carr et al., unpubl. COI
MF121675.1 Scolelepis squamata Gulf of Alaska Carr et al., unpubl. COI
GU672125.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
HQ024469.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
HQ024470.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
HQ024471.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
HQ024472.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
HQ024474.1 Spio sp. CMC01 Canadian Arctic Carr et al. 2011 COI
GU672142.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672196.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672212.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672214.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672316.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672349.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672398.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
HQ023786.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
HQ561107.1 Spio sp. CMC02 Canadian Arctic Carr et al. 2011 COI
GU672334.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
GU672335.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023787.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023788.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023789.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023790.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023791.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ023792.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ024476.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
HQ024475.1 Spio sp. CMC03 Canadian Arctic Carr et al. 2011 COI
MG670060.1 Theristus acer Netherlands Macheriotou et al., unpubl. 18S
MG670062.1 Theristus ensifer Netherlands Macheriotou et al., unpubl. 18S
MG670070.1 Theristus sp. Netherlands Macheriotou et al., unpubl. 18S
 
Table 1, continued. Accession numbers for voucher polychaete species from NCBI’s GenBank included in phyloge-








































Appendix 9. Sympagic algae in Agardhbukta 
 

































Appendix 10. Chain of Melosira arctica 
 
 
At IB1 in Inglefieldbukta, 26.04.18, long chains of Melosira arctica were observed at the lower 
1 cm section sea ice (Fig. 1). The observation was confirmed by Jósef Wiktor (personal com-



















































ind m-2 lower 10 cm
Taxa IB1 March IB2 March AGA April IB1 April IB3 April
Sympagic
Polychaete juv. 208.7 ± 150 300.4 ± 139 4321.7 ± 1878 4596.7 ± 2583 0.0
Nematoda 219.7 ± 138 1913.4 ± 936 0.0 407.6 ± 236 2051.3 ± 1382
Trochophora 0.0 0.0 1271.0 ± 298 0.0 0.0
Rotifera 0.0 0.0 347.3 ± 128 395.4 ± 153 0.0
Ciliata 351.9 ± 104 1723.5 ± 418 401.9 ± 166
Eggs 0.0 263.0 ± 125 7998.4 ± 2742 1903.1 ± 1252 0.0
Unidentified 0.0 59.3 ± 52 0.0 5189.3 ± 3368 0.0
Pelagic
Polychate juv. 2.0 0.0
Nematoda 42.0 0.0
Copepoda 38.0 75.3  ± 28.0
Cop. nauplii 212.0 98.7  ± 95.3
Ophiopluteus 0.0 3.3  ± 4.2
Sarsia 0.0 0.7  ± 1.2
Other hydrozoa 0.0 0.7  ± 1.5
Bivalvia veliger 4.0 1.3  ± 2.3
Chaetognatha 0.0 2.0  ± 3.5
Eggs 2.0 78.7  ± 43.1
Unidentified 0.0 4.0  ± 4.0
Degr. poly. juv. 0.0 16.7  ± 28.9
Appendix 11. Sympagic and pelagic meiofauna 
 
Table 1. Sympagic and pelagic meiofauna (ind. m-2 ± SD) in Inglefieldbukta (IB) and Agardhbukta (AGA) in  






























Ref. Name Phylum Ref # Station Date Reference
IB1A1 Polychaeta 59FF51 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A2 Polychaeta 59FF67 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A3 Polychaeta 59FF61 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A4 Polychaeta 59FF53 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A5 Polychaeta 59FF59 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A6 Polychaeta 59FF55 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A7 Polychaeta 59FF57 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A8 Polychaeta 59FF93 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A9 Polychaeta 59FF73 IB1 26.04.18 Andreasen et al. 2019, unpubl.
IB1A10 Polychaeta 59FF69 IB1 26.04.18 Andreasen et al. 2019, unpubl.
VMF1 Polychaeta 59FG47 VMF30 28.04.18 Pitusi et al. 2018, unpubl.
VMF2 Polychaeta 59FG45 VMF30 28.04.18 Pitusi et al. 2018, unpubl.
VMF3 Polychaeta 59FG43 VMF30 28.04.18 Pitusi et al. 2018, unpubl.
Appendix 12. Reference names 
 
Table 1. Reference names for polychaetes displayed in phylogenetic trees.  




Table 2. Reference names for nematodes displayed in phylogenetic trees.  




Table 2, continued. Reference names for nematodes displayed in phylogenetic trees.  


















































Appendix 13. Conceptual figure on trophic dynamics under different snow depths 
 
In the discussion section, I evaluated the potential influence of decreased irradiance, as a result 
of the greater snow depth, on the sympagic community at IB3 in April compared to IB1 and AGA 
in April. Figure 1 illustrates the concepts behind the reasoning in this paper and builds upon 






Figure 1. Conceptual illustration of potential trophic responses to different snow depths. 1: snow 
depth determines the level of irradiance available to sympagic algae, 2: a too thick snow layer 
inhibits photosynthesis and hampers sympagic algae production, 3: the proportion of inorganic 
nutrients being assimilated by sympagic algae or bacteria will depend on the light saturation of 
sympagic algae, 4: the community will be dominated by either polychates (Poly. juv.) or 
nematodes and ciliates. The illustration assumes that polychaetes largely graze on sympagic 
algae, while nematodes and ciliates feed on bacteria (Kramer 2010). In addition, the illustration 
assumes an intermediate snow depth in the polychaete-dominated community, yielding an 
optimal light climate for sympagic algae (Mundy et al. 2005). The concept will hence not apply 






































































Figure 2. Published benthic registrations of Spio spp. at depths from 2-150 m above the Arctic Circle. CMC01-03 
























Figure 3. Published registrations of Theristus melnikovi, Theristus sp., Cryonema crassum, C. tenue, Cryonema 

































Station Species Collector Year collected Database / reference
Kongsøya Melaenis loveni Kolthoff and Ohlin 1898 Telenius and Shah (2016)
Storfjorden Melaenis loveni Malmgren 1864 Telenius and Shah (2016)
Sørkapp Melaenis loveni Malmgren 1866 Telenius and Shah (2016)
Van Mijenfjorden Melaenis loveni Wirén 1883 Telenius and Shah (2016)
Kongsfjorden Melaenis loveni Goës 1861 Telenius and Shah (2016)
Widjefjorden Melaenis loveni Pleijel 2003 Telenius and Shah (2016)
Beaufort Sea Melaenis loveni Dickinson; Broad, Dunton 1976; 77; 78 Telenius and Shah (2016)
Chuckchi Sea Melaenis loveni Stuxberg, Nordquist and Stuxberg 1878; 79 Telenius and Shah (2016)
Baffin Bay Melaenis loveni Nilson 1894 Telenius and Shah (2016)
Hurry Fjord Melaenis loveni Arwidsson 1899 Telenius and Shah (2016)
Coronation Gulf Melaenis loveni Miller 2012 Telenius and Shah (2016)
Edgeøya Spio filicornis Malmgren 1864 Telenius and Shah (2016)
North of Svalbard Spio filicornis Kolthoff and Ohlin 1878 Telenius and Shah (2016)
Pechorskoye More Spio filicornis Stuxberg 1878 Telenius and Shah (2016)
Beaufort Sea Spio filicornis Schneider 1977 Blum and Fong (2016)
Disco Bay Spio filicornis Disco Bay 1870 Blum and Fong (2016)
Central Arctic Ocean Theristus melnikovi Tchesunov and Riemann (1995)
Laptev Sea Theristus melnikovi Tchesunov and Riemann (1995)
Cryonema crassum Tchesunov and Riemann (1995)
Cryonema tenue Tchesunov and Riemann (1995)
Theristus sp. Vanaverbeke (1993)
Fram Strait Theristus melnikovi Tchesunov and Riemann (1995)
Cryonema sp. Tchesunov and Riemann (1995)
The White Sea Theristus melnikovi Tchesunov and Portnova (2005)
Cryonema crassum Tchesunov and Portnova (2005)
Hieminema obliquorum Tchesunov and Portnova (2005)
3 Monhysteridae sp. Tchesunov and Portnova (2005)
Resolute Bay Theristus melnikovi Riemann and Ngando (1997)
Cryonema tenue Riemann and Ngando (1997)
Hieminema obliquorum Riemann and Ngando (1997)
3 Monhysteridae sp. Riemann and Ngando (1997)
Frobisher Bay Theristus sp. Grainger et al. (1985)
Table 1. Collectors of species illustrated in Figure 1, 2 and 3 above. Specimens included in Appendix 8: Acces-
sion numbers are not included. References comprise data on the listed collectors (Blum and Fong 2016; Telenius 
and Shah 2016). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
